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(57) Abstract 

A method for inputting characters in a device having a character display and a navigation key responsive to user manipulation for 
navigating a cursor in the character display. The characters are displayed in a predetermined layout on the display for character input. The 
layout contains a fixed set of characters as well as a dynamic subset of characters. The dynamic subset is determined by a previously 
entered single character or string of characters. A character is selected by a user from one of the aforementioned sets. It is selected by 
navigating a cursor to the desired character. In a preferred. embodiment, the device may include a pager, a cellular telephone, or the like. 
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A Method for Mobile Text Entry 

This invention relates to hand-held personal electronic devices such as cellular 
telephone systems, pagers, and the like, and in particular it relates to text entry for such 
devices. 

5 

Background of the Invention 

There is an increasingly strong demand around the world for portable communication 

devices such as cellular phone and pagers. As technology advances these products are 

becoming more portable and more affordable. Such devices have been able to receive text 
10 messages for some time now, but with the growing ubiquity of email, products that have the 

capability to send text messages are now beginning to surface. 

The requirement of mobility imposes a unique set of restrictions on the design of a 

text entry strategy. Typically there is only enough space on the device for a very few extra 

buttons. Therefore, a full keyboard, even a miniature one, is not feasible. Also, a user may 
15 not always have both hands free when operating the device, so it is desirable that text can be 

input with only one hand. In this disclosure, the term "mobile text entry" refers to text entry 

limited by this set of restrictions. 

One method that addresses the issue of mobile text entry is a telephone keypad 

method. It is well known that keys 2 through 9 on a telephone keypad contain three reference 
20 letters of the alphabet. Entering a letter involves selecting the key it appears on as well as 

specifying which of the three letters is desired. The letter selection can be achieved in several 

different ways. 

A second method for text entry is referred to as the date stamp method. The method 
is so named because, as with a date stamp, a desired character is made visible by rotating a 

25 wheel containing an entire set of characters. Cursor keys are used to navigate a cursor in a 
display while increment and decrement keys are used to cycle sequentially through the 
character set at the cursor position. Players of video arcade games are familiar with this 
technique, which is used to input the player's initials into a list of high scorers. Selection of a 
character is performed implicitly by simply moving the cursor to another location. In effect, 

30 the cursor position is a moveable editing window of one character. 

A third method is referred to as a soft keyboard method. In this method a display is 
functionally split into an output and an input section. The input section of the display either 
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shows the full character set or allows for parts of the character set to be viewed by scrolling. 
The character output appears in a ticker tape fashion along one or more lines in the display 
section. Arrow keys are used to move a cursor around the character set and characters are 
selected by explicitly depressing a select key. 
5 *> For example, an on-screen keyboard, sometimes called a soft keyboard, is a character 

set that appears on a device's Liquid Crystal Display (LCD) or on a computer monitor. With 
an on-screen keyboard, the advantage of have a fixed layout is familiarity. As familiarity 
increases, the time to locate a character in the layout approaches zero. The disadvantage of 
the fixed layout is that the distance between characters, and thus the time to move the cursor, 

10 stylus or finger from one character to the next, is often high. 

The problem with the aforementioned techniques is that an excessive number of 
keystrokes are required for text entry. The fewer the keystrokes required, the more efficient 
the text entry system. By bringing likely next characters closer to the cursor, keystrokes are 
reduced, which can lead to an increase in entry speeds. This can be accomplished by 

1 5 surrounding the cursor with a dynamic region. The larger the number of dynamic positions 
that are available on the keyboard, the more likely a desired character will occur within the 
available positions. 

In U.S. patent number 5,128,672 a dynamic keyboard is disclosed. However, the 
keyboard disclosed requires the presence of numerous physical keys, which is not practical 

20 for use with cellular phones and pagers. In U.S. patent 5,797,098 a dynamic keyboard is also 
disclosed, but this keyboard only displays several options at a time. If the desired character is 
not presented on the display, it is necessary to scroll to the following screen and repeat the 
search for the character. , This may need to be repeated several times until the character is 
found which can be tedious and frustrating for the user. 

25 It is an object of the present invention to obviate or mitigate some of these problems. 

Summary of the Invention 

In general terms, the present invention provides a method for inputting characters in a device 
having a character display, and a navigation key responsive to user manipulation for 
navigating a cursor in the character display. The method comprises the steps of: 
30 (a) displaying a character set having a predetermined layout on the display, the layout 

being fixed for one or more character input; 
(b) displaying a subset of the character set in a dynamic layout wherein the subset of 
characters are determined by at least one preceding input character; and 
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(c) selecting at least one of the characters from the layouts by navigating the cursor to 
a desired character. 

Brief Description of the Drawings 

5 These and other embodiments of the invention will now be described by way of 

example only, with reference to the accompanying drawings in which: 

Figure 1 is a schematic top view of a hybrid keyboard layout according to an 
embodiment of the invention; 

Figure 2 is a schematic diagram showing a pager having a cursor control key; 
10 Figure 3 is a top view of part of a keyboard according to the present invention; 

Figure 4 is an example of a character probability look-up table; 

Figures 5a and 5b are examples of a probability matrix; 

Figures 6a and 6b are schematic diagrams of a layout after different keys are 

selected; 

15 Figure 7 is an illustration of characters assigned to particular positions in the dynamic 

region; 

Figures 8a and 8b are schematic diagrams of a layout incorporating the fixed 
positions of figure 7 after different keys are selected; 

Figures 9a, 9b, 9c, 9d, 9e, and 9f illustrate various positioning patterns for a dynamic 

20 region; 

Figures 10a, 10b, and 10c are schematic diagrams representing various dynamic 
region layouts; 

Figures 11a, lib, 11c, lid and lie illustrate various positions and arrangements of 
the dynamic region layout within the fixed layout; 
25 Figure 12 illustrates a positioning algorithm for the dynamic region; 

Figures 13a and 13b are flow charts showing the display of characters in the 
dynamic region; 

Figures 14a and 14b show steps for generating a list for display in the dynamic 

region; 

30 Figure 15 is a flow diagram showing the steps for arranging characters in the 

dynamic region. 
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Description of the Preferred Embodiments 

For convenience in the following description, like numerals refer to like structures in 
the drawings. 

5 Referring to figure 1 a top view of a hybrid keyboard layout according to an embodiment 
of the invention is shown generally by numeral 10. The keyboard is comprised of a static key 
region 12 and a dynamic key region 14. In the keyboard layout of figure 1, the static region 
is comprised of a standard QWERTY keyboard layout. The dynamic region is defined by 
nine keys or a 3X3 matrix, which is inserted between the (T, G, B) and (Y, H, N) columns of 
1 0 the QWERTY keyboard. 

The hybrid keyboard 10 is an extension of an on-screen keyboard method of text entry 
that combines the benefits of both familiarity and reduced keystrokes. Text entry is 
performed by either moving a cursor around the display and selecting the cursor-highlighted 
character or, if implemented on a touch-sensitive display, by selecting characters directly by 
1 5 applying pressure with either a stylus or finger to the touch-sensitive display. 

It is possible to support both of the above methods in a single device. In the case of a 
cursor implementation, cursor movement may be supported by many different devices. Some 
of the more popular of these devices are: 

(a) a set of arrow keys, typically containing four arrow keys and a selection key; 
20 (b) a single pivoting button found on many pagers; 

(c) a joystick; 

(d) a touchpad; or 

(e) a trackpointer (the device on IBM Thinkpads). 

Figure 2 is a schematic diagram of a pager type device having a multi-axis pivoting 
25 button 20 which may be used to control a cursor. The pager has a display area 25, which is 
divided into a message display area 23 and a character input area 21 . The character input 
area incorporates a soft keyboard according to the embodiment shown in figure 1 . When the 
button 20 is pressed on the top 22, right 24, bottom 26 or left 28, it moves the on-screen 
cursor 16 in that direction. When the button 20 is pressed in the centre 30 the character at the 
30 cursor position 16 is selected. When a character is selected, it appears in display area 21, 
which is referred to as the output section. 

At startup, the hybrid keyboard, shown in figure 3, is normally initialised with the 
cursor at a home position 16. A user looks for the desired character in the dynamic region 14. 
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If the character is found the user can navigate to it using the cursor control and then select it. 
Otherwise, if the character is not found, the user can simply and quickly select it from its 
known position in the fixed part of the layout 12. 

After each character is entered, the cursor snaps back to the home position. This 
5 saves the user keystrokes by returning the cursor to the centre of the dynamic region 14 of the 
keyboard. It also eliminates the computation associated with repositioning the dynamic keys 
14 around a new cursor position. 

Various techniques may be implemented to further increase entry speed. For 
example, simplifying the use of the space character has the potential to positively effect entry 

1 0 speeds due to its high probability of occurrence ( 1 8% in English). In the case of cursor 

navigation, the space character may be implicitly selected by simply moving the cursor to a 
"virtual" space bar 1 8 located outside the layout of characters. Thus, the placement of the 
cursor 16 over the space bar 18 selects the space character without have to press the select 
button 30, after which the cursor 16 automatically snaps back to the home position 15. 

1 5 The delete key is another common occurrence in text entry, and may be treated in a 
similar fashion to the space character, as may other control functions. 

Referring once again to figure 1 , the entire on-screen keyboard thus consists of 
standard alphanumeric characters in a fixed QWERTY layout 12, and a dynamic region 14 
which display a given set of characters that is dependent on the key pressed. 

20 For example, assume that a character y is entered (either on the fixed or dynamic 

region of the keyboard). The system fills the layout positions in the dynamic region 14 with 
the first n characters in a list Z,, where n is the size of the dynamic region and I is a prioritized 
list of characters. The characters in the list L are organized such that the most likely character 
to follow the character y appears first in the list L whereas the least likely character to follow 

25 the character y appears last in the list. 

The list L may be constructed in a number of ways. In one embodiment, the system is 
provided with a lookup table or database wherein each character is associated with a sorted 
list of the character set (including y, as can be the case when a double letter is entered), as 
shown in figure 4. The appropriate list is read into the memory corresponding to y. 

30 In a second embodiment, the system may build L at runtime by consulting a 

probability (or frequency) matrix P that stores the likelihood of any character to follow a 
sequence of m - 1 characters, the last of which is y. The value m is the statistical order which 
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measures the average predictability of the next letter, given that we know the preceding (m - 
1) letters. That is, (m - 1) is the number of previously entered characters for which 
probability data is stored. A second-order (m = 2) embodiment contains lists or a matrix 
based on 2-character sequences (digram) probabilities of the language in question. A third- 
5 order (m = 3) embodiment contains lists or a matrix based on 3 -character sequences (trigram) 
probabilities of the language in question and so on. 

The higher that the value of m is, the higher the number of rows in P will be. P is an 
s m ~ l by s matrix, where s is the size of the character set. The row headings of matrix P 
contain all the possible permutations of (m - 1) elements of the character set. The column 

10 headings of matrix P each contain an element of the character set. An example of how the 
matrix is set up for an m = 3 embodiment is shown in figure 5a. 

The number in each cell of the matrix contains the likelihood of the character in that 
cell's column heading to follow the sequence of characters in its row heading. Based on the 
user's input, a row is selected and its columns are sorted by the values in the cells. The 

15 columns are arranged from most likely to occur to least likely to occur, and the first n 

characters are then included in the dynamic region 14 of the keyboard. In the simplest case, 
m = 2, P is an s by s matrix. An example of a matrix with m = 2 is illustrated in figure 5b. 
As m increases, the number of rows in P increases exponentially. 

In this embodiment, an English language character set is implemented and therefore 

20 the fixed layout 12 is chosen to be the best known English configuration, which happens to 
be the QWERTY layout. As for the dynamic region 14, there is a point at which the difficulty 
of locating a character in a new arrangement of the dynamic region 14 outweighs the benefit 
of reduced distance to the next character. For m = 2, for example, this point occurs at about 9 
dynamic positions. In English text entry, the desired character occurs in a dynamic part of 

25 size 9 just less than 90% of the time. There is thus little if any benefit to be derived by the 
addition of more dynamic positions. Therefore n = 9, and the nine most likely characters to 
follow y are placed in the dynamic region of the keyboard. 

Initially the dynamic region 14 may be set up as if the last character entered was a 
space. Therefore the nine characters displayed to the user are the nine most likely to begin a 

30 new word. The most likely character is placed at the home position 1 5 of the dynamic key 
set with the remaining eight characters placed around it. The rest of the characters are filled 
in as shown in figure 12. 
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The positioning of the outer eight characters is also influenced by which characters 
are placed there. There are certain letters that will occur frequently in the dynamic keys, 
particularly the vowels. However, although the same letters may reoccur they may not 
necessarily have the same probability of reoccurring. Therefore, based on the previously 
5 mentioned placement scheme the same letters will reoccur in different locations. This is 
illustrated by figures 6(a) and 6(b). Figure 6(a) illustrates the arrangement of the dynamic 
region 14 after the letter is selected and figure 6(b) illustrates the arrangement if the letter 
'S' is selected. It is clear that many of the same letters are used, but they are placed at 
different places within the dynamic region 14. This can be improved by providing some 

10 characters with assigned positions regardless of their probability of occurrence, as long as 
they are found between positions two and nine, inclusively, in L. The most probable next 
character is always placed at the cursor's home position 15. 

Therefore it is necessary to choose the eight characters that most commonly occur in 
the dynamic region 14 and assign them fixed positions within the eight key slots surrounding 

15 the home position 15. While this slightly violates the rule of positioning characters according 
to their position in L, it reduces the user's uncertainty as to where a letter is going to appear. 
The number eight was chosen to avoid a situation of having to decide which of two or more 
characters should occupy a particular slot. For illustrative purposes only, and assuming that 
the eight most common characters are: 

20 A,E,I,0,U,S,N,L 

then their fixed positions are shown in figure 7. Should one of these letters occur in the 
dynamic region 14, then it will always occupy the same spot unless it is the most probable 
next character, which always occupies the home position 15. Figures 8(a) and 8(b) illustrate 
how fixed positions would affect figures 6(a) and 6(b), respectively. Although figure 6(a) 

25 contains the same letters as figure 8(a), and figure 6(b) contains the same letters as figure 
8(b), the similarity between figures 8(a) and 8(b) is far more apparent than that between 
figures 6(a) and 6(b). Therefore, providing fixed positions for certain characters allows the 
dynamic set of characters to appear to retain some form of stability even though it remains 
entirely dynamic. The increased appearance of stability enables the user to develop a 

30 familiarity with the placement of the eight fixed characters, which, in turn, will improve the 
text entry speed. 

In general, the positioning of characters in the dynamic region is accomplished by 
placing each successive character in L as close to the cursor position as possible, given the 
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remaining unfilled slots. In the event that several positions in the dynamic part are at 
identical distances from the cursor, the order of filling these positions is at the discretion of 
the programmer. 

The basic algorithm for positioning characters in a fluctuating layout is as follows: 
5 Let y = the last character entered 

Let L = the alphabetic sequence sorted by order of likelihood to follow to y 
Let n = length( L ) 
repeat i = n times 

place L(\) as close to the cursor as possible 
10 end repeat 

The algorithm does not indicate what to do when there are multiple available 
positions at equal distances from the cursor. This is, in fact, a design choice. To explore the 
issue, let us consider a three-row, nine-column layout where the cursor is in the top left 
corner at the time the layout is rearranged. Figure 9 shows a variety of possible ways to 
15 position characters according to the algorithm, using the alphabetic sequence corresponding 
to the space character. The layouts on the right are the result of positioning characters in the 
sequence atop the figure, according to the patterns on the left. 

In this specific case, positions in the top row are superior to other positions because 
they only require the use of one arrow key to reach, whereas positions in rows 2 and 3 require 
20 the use of two arrow keys. For example, in the last layout in Figure 9f, moving the cursor to 
the letter H in row 1 only requires the right arrow key, while moving to the W in row 2 
requires the right and down arrow keys. In other words, positions in row 1 and column 1 are 
accessible via a less complex route than positions in rows 2 and 3, starting from column 2. It 
might make sense to fill row 1, and column 1, positions before others at identical distances 
25 form the cursor. As a modification to the algorithm, this could be generalized as follows: 

Given more than one available position at identical distances from the cursor, positions in the 
same row or column as the cursor should be filled before other positions. 

Another distinction between identically distanced positions is the number of possible 
paths from the cursor to the position. As a modification to the algorithm, this could be 
30 generalized as follows: Given more than one available position at identical distances from the 
cursor, fill positions in increasing order of the number of paths from the cursor to the 
position. 
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Another possibility is that the choice between several identically distanced positions 
has no significant effect on text entry speed. 

Another embodiment of the invention allows the user to be able to switch languages. 
The language switch may result in a different fixed layout 12 as well as a different table of 
5 next character probabilities. However, the basic method for updating the dynamic region as 
used for a language other than English remains the same. 

In yet another embodiment, the dynamic region is not generated by a single preceding 
character, but by a preceding string of characters. The use of this string prediction method 
makes the prediction more accurate than a simple single-character based prediction. An 
10 example of this is illustrated in table 1, below. 

(a) C _ TACT? (b) Q N C _ ONCE! 

SUCH? 
RICE? 



In column (a) there are several candidates for the fourth position, while in column 
(b) there is only one. 

15 The dynamic region 14 may have a different layout to the 3x3 matrix above in order 

to adapt to specific applications. Some alternate possible layouts are illustrated in figures 
10(a), 10(b), and 10(c) above. The home position in each of the layouts is slightly different, 
yet no dynamic key is more than two moves of the cursor away from it. To increase the 
number of dynamic keys or the distance that they are from the home key reduces the 

20 effectiveness of using a hybrid keyboard by increasing the number of options available to the 
user, which increases the decision time. The excess keys reduce the effectiveness of the 
hybrid keyboard, but does not render it useless. 

The location of the cursor position within the dynamic part is a design option. 
There are tradeoffs associated with different choices. One consideration is that the home 

25 position be no greater than a certain distance from any of the dynamic positions. Another 

consideration is that the home position be adjacent to an edge of the layout for the facilitation 
of implicit selection of the space character (discussed below). 
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The positioning of this virtual space bar with respect to the layout is a design option 

contingent to a degree on the choice of cursor home position. Another option is whether or 

not to actually display the virtual space bar. 

The position of the dynamic layout in the overall layout may also be changed as 
5 shown by the shaded squares of Figure 1 1 . Furthermore, the dynamic keys may be 

interspersed throughout part or all of the layout- 
Flow charts for implementing an embodiment of the invention are shown in figures 13 

through 15. 

In the previous embodiments, an underlying assumption of is that the number of 
1 0 characters in the language in question's alphabet is small, that is, in the order of the size of 
the English alphabet. However, for many Asian languages, for example Chinese and 
Japanese, the number of characters is much larger that the English language. 

Therefore, in an alternate embodiment for such languages, if the various strokes used 
to construct characters are used as primitive elements in previous embodiments, as opposed 
1 5 to the characters themselves, the problem of having a large number of characters is 
diminished. 

The number of unique strokes in* Chinese and Japanese, and other Asian languages 
with very large character sets is in the order of the size of the English alphabet (typically in 
the order of fifty). In order to utilize the languages such as Chinese or Japanese there are 
20 two additional requirements. 

First, data on stroke, rather than character, sequence probabilities are used to control 
the display of strokes in the dynamic region. This is greatly simplified by the fact that in 
these languages there is often a very strictly observed stroke order in the construction of 
characters. 

25 Second, a stroke assembly software mechanism is used. The software mechanism 

includes character prediction, whereby as the user enters strokes the most likely candidate 
characters are suggested. 

Although the invention has been described with reference to certain specific 
30 embodiments, various modifications thereof will be apparent to those skilled in the art 
without departing from the spirit and scope of the invention as outlined in the claims 
appended hereto. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. A method for inputting characters in a device having a character display, and a 
navigation key responsive to user manipulation for navigating a cursor in the character 
display, said method comprising the steps of: 

(d) displaying a character set having a predetermined layout on said display, said 
layout being fixed for one or more character input; 

(e) displaying a subset of said character set in a dynamic layout wherein said subset 
of characters are determined by at least one preceding input character; and 

(f) selecting at least one of said characters from said layouts by navigating said 
cursor to a desired character. 

2. A character-input device having a character display and navigation key responsive to 
a user manipulation for navigating a cursor in said character display, comprising: 

(a) a character set having a predetermined layout for display on said display, said 
layout being fixed for one or more character input; 

(b) a subset of said character set for display in a dynamic layout on said display 
wherein said subset of characters are determined by at least one preceding input 
character; and 

(c) a selector for selecting at least one of said characters from said layouts by 
navigating said cursor to a desired character. 
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